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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 11400:2021(E)

Nickel, ferronickels and nickel alloys — Determination
of phosphorus content — Phosphovanadomolybdate
spectrophotometric method

1 Scope

Thisdocument specifies a spectrophotometric method for the determination of the phosph¢rus content
in ni¢kel, ferronickels and nickel alloys between 0,000 5 % (by mass) and 0,05 % (by mass)

Arsepic, chromium, hafnium, niobium, silicon, tantalum, titanium and tungsten ‘interfere, but the
interfferences can be avoided by complexation or volatilization (for chromium)The lowest|phosphorus
content [0,000 5 % (by mass)] can only be reached in samples with low contents of thesg¢ interfering
elements.

2 Normative references

The following documents are referred to in the text in suchya.way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced deciiment (including any amendmepts) applies.

ISO 648, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

3 Terms and definitions
No tgrms and definitions are listed in.this document.
ISO gnd [EC maintain terminologi¢al databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia; available at https://www.electropedia.org/

4 Principle

Diss¢lutionof a test portion in a mixture of nitric and hydrochloric acids. Fuming with perchloric
acid in aperfluoroalkoxy copolymer (PFA) or polytetrafluoroethylene (PTFE) beaker and removal of
chrofrtiim as volatile chromylchloride.

Complexation of silicon and refractory elements with hydrofluoric acid.
Conversion of phosphorus to phosphovanadomolybdic acid in a perchloric and nitric acid solution.

After addition of citric acid to complex arsenic, extraction of phosphovanadomolybdic acid with
4-methyl-2-pentanone.

Spectrophotometric measurement at a wavelength of 355 nm.

5 Reagents

During the analysis, unless otherwise specified, use only reagents of recognized analytical grade and
only distilled water or water of equivalent purity (see [SO 3696).

©1S0 2021 - All rights reserved 1
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Verify by blank tests (see 8.2) that all reagents are free from phosphorus. Lots giving high blank values
are unsuitable and should not be used. The blank value should be below 0,000 5 % (by mass), calculated
for 1 g of test portion.

5.1 Nitric acid, p,, approximately 1,41 g/ml.

5.2 Nitric acid solution, 1 + 4.

Carefully add 100 ml of nitric acid (5.1) to 400 ml of water and mix.

5.3 Hydl‘(ﬂbllllu tcacid; P20 apPt UAillldtC}_y 19 5/’111}.

5.4 Hydrofluoric acid, p,, approximately 1,14 g/ml.

WARNING

membrane
skin, wash
seek imme

5.5 Perch

WARNING -
fumes or o
suitable for

5.6 Citric

Dissolve 50

5.7 4-met

5.8 Hexagmmonium heptamolybdate, 150 g/I.

Dissolve 15
to 100 ml w

Prepare a fr
problem wit

59 Amm

Dissolve 2,5

5, producing severe skin burns which are slow to heal. In the case of contact
well with water, apply a topical gel containing 2,5 % (by mass) calcium gluconate
liate medical treatment.

loric acid, p,, approximately 1,67 g/ml.

— Perchloric acid vapour can cause explosions in the presence of ammonia, nit]
Fganic material in general. All evaporations shall be carried out in fume cupbo
use with perchloric acid.

acid, 500 g/I.

g of citric acid monohydrate (HgCy;0,.H,0) in water, dilute to 1 000 ml with water and

hyl-2-pentanone (methyl isobutyl ketone).

g of hexaammonium heptamolybdate tetrahydrate [(NH,)sMo,0,,.4H,0] with water, g
th water and mix.

esh solution each day. If high and unstable blank values are recorded, it is possible ther
h the reagent used. In such a case, switch to another lot.

bnium metavanadate, 2,5 g/1.

g of ammonium metavanadate (NH,VO3) with water, dilute to 1 000 ml with water and

— Hydrofluoric acid is extremely irritating and corrosive to skin)and mujcous

with
and

rous
ards

mix.

ilute

eisa

mix.

/]

5.10 Sodiu'm

Dissolve 50

ikt a
IIT ITICN AL, JU 5/ 1.

g of sodium nitrite (NaNO,) with water, dilute to 1 000 ml with water and mix.

5.11 Fluoro-boric acid.

Add 75 g of boric acid (H;BO3) into 600 ml of hot water in a plastic beaker. Add 50 ml of hydrofluoric
acid (5.4), dilute to 1 000 ml with water and stir until the boric acid is dissolved.

Keep the sol

ution in a plastic bottle.

The solution should be gently heated if the boric acid tends to crystallize.
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5.12 Phosphorus standard solution, 1 g/1.

Weigh, to the nearest 0,001 g, 4,394 g of potassium dihydrogen phosphate (KH,P0O,) previously dried
to constant mass at 110 °C and cooled in a desiccator. Transfer quantitatively into a 1 000 ml one-mark
volumetric flask and dissolve it with water. Dilute to the mark with water and mix.

1 ml of this solution contains 1 mg of phosphorus.

5.13 Phosphorus standard solution, 10 mg/1.

Transfer 10,0 ml of the phosphorus standard solution (5.12) into a 1 000 ml one-mark volumetric flask.
Dilutetothemmark witirwater-ammdmix:

1 ml of this solution contains 10 pg of phosphorus.

6 Apparatus
All vplumetric glassware shall be class A, in accordance with ISO 648 or ISO 1042, as appropriate.
Glasgware shall be cleaned with hot hydrochloric acid (5.3) and rinsed'with water.

Ordipary laboratory apparatus and the following shall be used.

6.1 | Spectrophotometer, capable of measuring absorbance at a wavelength of 355 nm.

Using the slit width recommended by the manufacturer and 4-methyl-2-pentatnone (5.7) as the
compensating solution, measure the absorbance of the blank solution (see 8.2) at a wavelenlgth of about
340 pm. Then gradually increase the wavelengthtuntil the maximum absorbance is rea¢hed (this is
generally at a wavelength of 355 nm (see NOTE])~Use this wavelength for the determinatior.

NOTH 355 nm is not the wavelength of the mraximum absorption spectrum of the complex. It i$ not possible
to use the maximum point since the 4-methyl-2-pentanone starts to absorb the light at a lower] wavelength,

wherf a maximum absorbance value is obtained. 355 nm is selected to give the highest absorption without giving
negative absorption values for low concentration due to the absorption of the solvent.

6.2 | Perfluoroalkoxy copolymer (PFA) or polytetrafluoroethylene (PTFE) plastic beakers
NOTH The PFA beakers\have graphite bases and are specially constructed for fuming of acids ujp to 280 °C.

Before use, the beakeps shall be thoroughly cleaned. Fill the beakers with hydrochlorif acid (5.3),
diluted 1 + 1, andboil for approximately 2 min. Rinse with water.

7 $ampling and sample preparation

Sam]i)ling and preparation of the laboratory sample shall be carried out by normal agreed| procedures
or, in case of diSpute, by appropriate national standards.

The laboratory sample normally is in the form of millings or drillings and no further preparation of the
sample is necessary.

If it is suspected that the laboratory sample is contaminated with oil or grease from the milling or
drilling process, it shall be cleaned with high purity acetone and then dried in air.

If the laboratory sample contains particles or pieces of widely varying sizes, the test sample should be
obtained by riffling.

©1S0 2021 - All rights reserved 3
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8 Procedure

8.1 Test portion

Weigh to the nearest 0,001 g a test portion according to the presumed phosphorus content in the sample

as shown in Table 1.

Table 1 — Mass of the test portion

Presumed phospho- | Mass of the test Maximum content of the interfering elements [% (by mass)]
rus content portion
% (by mhass) g As Hf Nb Ta Ti W
0,000 5t¢ 0,010 1,0 0,05 0,1 0,1 2 2
0,002 0 tq 0,040 0,25 0,2 0,5 0,5 10 8
0,005 0 tg 0,050 0,10 0,5 1,5 10 1 25 29

8.2 Blank test

In parallel with the determination and following the same procedure, carry out a blank test using the

same quantities of all reagents as used for the determination, but omittifig the test portion.

8.3 Determination

8.3.1 Preparation of the test solution

Transfer th¢ test portion into a plastic beaker (6.2).and add 5 ml of nitric acid (5.1) and 5 ml of
hydrochlorif acid (5.3). For samples with high contents'of niobium, silicon, tantalum, or hafnium| also
add 7 ml of hydrofluoric acid (5.4). Fit the beaker with a PTFE cover and heat gently until the reaftion
ceases. Add [L0 ml of perchloric acid (5.5) and, leaving a small opening to release the vapours, evapprate
to dense petichloric acid fumes.

NOTE Nickel and some copper-bearing mickel alloys, will dissolve more readily in nitric acid (5.1), dfluted

1+1.

8.3.2 Remnpoval of chromium

For sampleq containing mofejthan 0,1 % (by mass) of chromium, continue fuming until no droplets
are observed on the cover/and all the chromium is oxidized to the hexavalent state. Start adding
hydrochlorif acid (5.3)idrop by drop to the fuming solution in the partly covered beaker, until colqured
fumes are njo longerfliberated. Then restart fuming to reoxidize the remaining chromium. Repedt the
treatment uptil no.yellow fumes appear when the hydrochloric acid is added. Cool to room temperature.

8.3.3 Complexation

Add 25 ml of nitric acid solution (5.2) and 4 ml of hydrofluoric acid (5.4) to the test solution, and
continue heating for 8 min to 10 min until all the precipitates are dissolved.

It is important that the precipitated refractory oxides dissolve completely. If this does not happen,
another 2 ml of hydrofluoric acid (5.4) should be added and the boiling repeated. If the precipitate still

remains undissolved, a new test sample of lower mass should be taken for the determination.

Add 10 ml of the sodium nitrite solution (5.10) and continue boiling the solution for 10 min in order to
reduce any residual dichromate and to expel all nitrous fumes. Rinse the walls of the beaker a few times
with water during boiling.

© IS0 2021 - All rights reserved
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Add 40 ml of fluoro-boric acid (5.11), rapidly cool the test solution between 20 °C and 30 °C, and proceed
immediately with the colour development.

NOTE

The oxides can precipitate again if it took more than 10 min to cool the solution.

8.3.4 Colour development and extraction

Add 10 ml of the ammonium metavanadate solution (5.9) and 15 ml of the hexaammonium
heptamolybdate solution (5.8) to the cooled clear solution. Allow to stand at a temperature between
18 °C and 25 °C for a minimum of 7 min, but not longer than 15 min.

Tran
nece
40 m
discd

Dry

orga
spec

8.3.5
Ensu

Carr

355 nm, in 10 mm optical path length cells, against 4-methyl-2-pentanone (5.7) as the refer

8.4

Tran|
beak

Subt
soluf]

Plot 1

fCl t]llC DU]lthiUll illtU d 250 lll} DC}JC[I atius fuuucl VV}IiL}l haa llJCCll IIidl }\Cd dt :‘LGG lll} \AY

csary, make up to this mark with water. Add 10 ml of citric acid (5.6), mix, and imm
| of 4-methyl-2-pentanone (5.7). Shake the funnel for 30 s. Allow the two layer’s'to s
rd the lower (aqueous) phase.

the inside of the stem of the separating funnel with a small piece oflfilter pape
hic layer through a dry filter paper into a small dry beaker. Proceed immediatg
f'rophotometric measurement.

Spectrophotometric measurement
re that the temperature of the test solution will not vary,of hore than + 1 °C.

y out the spectrophotometric measurement of the test solution (see 8.3.4) at a wg

Establishment of the calibration curve

sfer the volumes of the phosphorus standard solution (5.13) shown in Table 2 into a ser
ers (6.2) and proceed as specified in 8.3, while omitting the step described in 8.3.2.

Fact the absorbance of the zero member from the absorbance values of each of the othe
ions.

he net absorbances againstthe mass, in milligrams, of phosphorus added.

Table 2 — Calibration solutions

lume and, if
bdiately add
eparate and

r. Filter the
ly with the

ivelength of
ence.

jes of plastic

I calibration

Phosphorus contents in the test portion
(%, by mass)
Phosphorus stand- Corresponding Test portion Test portion Test|portion
ard(solution(5.13) | phosphorus mass (1000 mg) (250 mg) (100 mg)
() (mg)
0 0 0 0 0
0,5 0,005 0,0005 0,002 0,005
1,0 0,010 0,001 0 0,004 0,010
2,0 0,020 0,002 0 0,008 0,020
4,0 0,040 0,004 0 0,016 0,040
6,0 0,060 0,006 0 0,024 0,060
8,0 0,080 0,008 0 0,032 0,080
10,0 0,100 0,0100 0,040 0,100

©ISO

2021 - All rights reserved


https://standardsiso.com/api/?name=501a31238bb3cdb1952e3dae086a136d

ISO 11400

:2021(E)

8.5 Check test

The performances of the method may be checked by analysing, in parallel with the determination and
following the same procedure, one or more samples of the same alloy grade whose phosphorus content

is known.

9 Expression of results

9.1 Calculation

Correct the pbsorbance reading of the test solution (see 8.3.5] by subtracting the absorbance reading of
the blank tefst (see 8.2). Convert the net absorbance of the test solution in milligrams of phosphoryis by
means of the calibration graph (see 8.4).
The phosphprus content, wp, expressed as a percentage by mass, is given by Formula (1}:
i
wp= —|—— 1
P71 my W)
where
my is|the mass, in grams, of the test portion;
m,  is|the mass, in milligrams, of phosphorus found in the¢est portion.
9.2 Precision
9.2.1 Labpratory tests
Up to eight|laboratories in six countries participated in the testing of this procedure on two nickel
and four ferronickel samples (seven laborateries in four countries), and on six nickel alloys (eight
laboratorieq in six countries). The samples were analysed three or four times on different days| The
nominal composition of the samples is given in Table 3.
Table 3 — Nominal'composition of the test samples [% (by mass)]
Nickel and ferronickel
Sample P As Cr Fe Si Ni
Ni No.1 0,000 05 — — <0,01 — Remaindefr
Ni No.Z 0,000 8 — — 0,2 — Remaindefr
Fe-Ni Nd.1 0,01 < 0,001 0,5 Remainder 0,5 25
Fe-Ni Nd.2 0,01 0,1 4,5 Remainder 5 25
Fe-Ni No.3 0,045 < 0,001 0,5 Remainder 0,6 25
Fe-Ni No.4 0,045 0,1 4,5 Remainder 5 25
Nickel alloys
Sample P Co Cr Cu Fe Mo Ni Nb w
4D-7 0,01 — — 32 1 — 65 — —
4D-8 0,01 — 21 — 4 9 62 3 —
4D-9 0,02 — 18 — 19 3 53 5 —
4D-10 0,02 — 20 — 46 — 31 — —
4D-11 0,01 1 21 — 20 47 — —
4D-12 0,005 42 21 — 2 20 4 4
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Results from the interlaboratory test programme were evaluated in accordance with 1SO 5725:1986%).
The data were tested for statistical outliers by the Cochran and Dixon tests described in ISO 5725:1986.

The principle of the Cochran test is that a set of results is an outlier if the within-laboratory variance is
too large in relation to the others. Dixon’s test is to determine if the mean from a laboratory is too far

from the other laboratory means. Both tests were applied at the 95 % confidence level.

Repeatability and reproducibility were also calculated in accordance with ISO 5725:1986 at the 95 %
confidence level. The results of this assessment are given in Table 4.

The
resu

NOTH
NOTH

NOTH

ts were obtained.

phosphorus content in sample Ni No.1 was below the scope of the method and no

1  For sample Ni No.2, one laboratory was rejected as a Cochran outlier.

2 For sample Fe-Ni No.4, one laboratory was rejected as a Cochran outlier.

3 For sample 4D-12, one laboratory was rejected as a Cochran outliet. When applying th

one laboratory was rejected as an outlier for sample 4D-9 and another for sample 4D-10.

Table 4 — Results of statistical evaluation [% (by mass)]

meaningful

e Dixon test,

Within labora- | Between'labo-
Sample Mean tory standard |ratorystandard| Repeatability | Reproducibility
deviation deviation
Ni No.2 0,00091 0,000 07 0,000 12 0,000 2 0,000 4
He-Ni No.1 0,0101 0,000 4 0,000 2 0,001 2 0,001 4
Fe-Ni No.2 0,010 0 0,000 4 Not available 0,001 2 Not available
Fe-Ni No.3 0,0437 0,001'4 0,002 1 0,0038 0,006 8
He-Ni No.4 0,042 5 0,001 0 0,001 0 0,002 7 0,003 8
4D-7 0,012 0 0,000 6 0,0007 0,001 6 0,002 6
4D-8 0,0089 0,0009 0,0015 0,002 4 0,005 0
4D-9 0,014 8 0,0008 0,000 6 0,002 3 0,002 8
4D-10 0,0185 0,000 3 0,0007 0,001 0 0,002 2
4D-11 00135 0,000 6 0,0008 0,001 6 0,002 7
4D-122 0,005 4 0,000 1 0,0008 0,000 4 0,002 2
a  (lertified referefice material BAM 328-1, having a phosphorus certified value of 0,005 %, by mass.

10 Testreport

The tesPreport shall include the following information:

a) the method used by reference to this document, i.e. ISO 11400;

b) all information necessary for the identification of the sample, the laboratory, and the date of
analysis or of the test report;

c) results and the units in which they are expressed;
d) any unusual characteristics noted during the determination;

e) any operation not specified in this document or any operation that could have influenced the
results;

1) Cancelled and replaced by the ISO 5725 series.
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